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CDF and DO:

e General purpose detectors, axial
and forward-backward symmetric

e Precision tracking (incl silicon
detectors)

e Hadronic and EM calorimeters
e Muon detectors
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— CDF Delivered (from February 9th 2002)

— D0 Delivered (from April 19th 2002)
CDF Recorded (from February 9th 2002) |

-~ D0 Recorded (from April 19th 2002)

~ Initial instantaneous luminosity record
| for hadron collider:
© 1.7185 x 1032 cm-2s (Jan 6, 2006) A
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v About 1.2 fb-1/exp available for Summer’06 analyses

v' Data taking is about to resume after a shutdown:

June 16, 2006

DO silicon detector and trigger upgrades
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— The SM Higgs

e Higgs mass is a free parameter Attp:/iwww.cern.ch/LEPEWWG
e LEP direct search: m, > 114.4 GeV N : A, = ]
. '-._' — 0.02758+0.00035
e Constraints from fits of EW data: o o e F
) 42 = «++ incl. low Q° data :.‘ -]
— Best fit: my =897,GeV R % —
2 g N
— 959% CL upper limit: m, <175 GeV =
e EW fit + direct search: 1144 <m, <207 GeV = 1
The EW fit suggests that SM Higgs is fairly i | ]
light o JExcluded g, T .
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Dominant production mechanisms and decays ™+ [GeV!
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The “low-mass” region (m <135 GeV)

Observation of SM(-like) Higgs in this region will be consistent with MSSM

Best sensitivity:
— Production: H+Z/W, Z/W decay leptonically (suppress bg’s)

— Higgs decay mode: H—bb (largest BR in the region)
e Look for signal in the di-jet mass distributions

Need good lepton identification, b-jet tagging, and jet energy=
resolution

(6)]
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Detector signature
v" Two b-jets
v One lepton (e or u at present)
v" Missing transverse energy

Dominant backgrounds
« W backgrounds: Wbb; Wcc, Wqq (false b-tag)
» Top backgrounds: Single top, tt

 Multi-jet
CDF RUN II Preliminary(695pb'1)
oD =
& “°F =1 .- Event selection
i soof  Z1btag L ever v dentified e/u, p,;>20 GeV
?, 700 , [ non-W QCD v Two jets: E;>15 GeV, |n|<2.0 (CDF);
S oot [ Diboson/z°—> < E;>20 GeV, |n|<2.5 (D0);
E 600:; T - +Sinale To T ’ T] ]
= soo NN s e v’ At least one of the jets b-tagged
200 v E.>20 GeV (CDF); E;>25 GeV (DO);
300 —— v’ Veto extra jets, Z—{{
200 I .
100F : L ——=——~  Look for signal in the di-jet mass
oF—+—— L L L distribution
W+1 jet W+2 jet W+3 jet W+= 4 jet

Jet Multiplicity
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CDF Run Il Preliminary (695 pb )

||I|

Ivbb: Di-jet mass

CDF Run Il Preliminary (695 pb )
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g 50 S5 Background Error g 5 S5 Background Error
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o WH-Ilvbb
'§ I D§ 05 (174 pb')
T 10 S — oSS i
T E CDF "06 (320 pb )
T |- e S
X D@ Preliminary (378 pb”)
T 16 95% C.L. upper limit
= - (---+ expected limit)
1 -1 [ T
|%1 0 = Standard Model -
© T S A i P B
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Higgs Mass (GeV)
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SM Higgs Limits from WH — Ivbb

CDF RUN 1l F’reliminary(695pb—1)

- ——
N Pseudo-Experiment +1c

= a NLO Standard Model Higgs

2 = CDF RUN Il WH—> lvbb Search (319pb™")

: \

WSPS MTINT O VO W T  V  l  ) MSr R O e o
110 115 120 125 130 135 140 145 150

Higgs Mass (GeV/cZ)

CDF iIs adding the remaining data, non-central leptons
DO is also updating to full sample
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Dominant backgrounds:
» Multi-jet

» W/Z + heavy flavor

» Diboson: WZ (Z—bb)
» Top

. . E.(D =847 GeV
An interesting CDF event g - 719 ev (b-tag)

P Missing E; = 98.0 GeV
A 1 m; = 128.6 GeV

Events/15 GeV

ZH — vwbb

Event selection (CDF)

e Two jets, E;>60,25 GeV

e At least on b-tag

e Lepton veto

 Veto extra jets with E;>15 GeV

» Missing E;>70 GeV, cut on direction

e Sliding di-jet mass cut for limit setting

Expected N,,=19.7+£3.5, N, =19

ZH —->vVbb Search, Signal Region

CDF Run II Preliminary
289 pb'

ZH ™10
T M,=120 GeV/c?
—e- Data

B eco+Mistag

. Top

D W/Z/Di-boson

IlllIlllllllIIIIIIIIIIIFIIIIIII

Orrrr
:
:

150 200 250
Di-Jet Mass (GeV/c?)
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ZH — vvbb

~ 3 [D@Runll Preliminary Event selection (DO)
S 25 —e— DATA . -
% : ‘ L 2zb Two jets, E;>20 GeV_ |
= 2oL ] Wiji/Wbb e At least on b-tag, split samples into
] PR
15~ l J wz/zgz 5 e Isolated track veto
- | L1 ZH-v vbbx 10 e Missing E;>50 GeV, cut on direction
: | | e Additional cuts to suppress multijets
5 1 b-tag e Sliding di-jet mass cut
°o: 50 100 150 200 ;50 300 350 400 ~ 1897 eXPECt Mag=34:5, Nops™20
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= SM Higgs Searches

The “high-mass” region (m,>150 GeV)

Observation of SM Higgs in this region is bad news for MSSM

Best sensitivity:

— Production via gluon fusion (largest cross section)

g

EEEEEE .
H°
iy AT >
RRRRA4 q

8

— Decay: H=WW (largest BR in the region)
— Look at leptonic W decays (bg supression)
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H—W'W — /vliv

; CDF Run Il Preliminary, L, = 360 pb’ IDY/Z—I
Detector signature: = oF [ Wejet/y

v Two opposite-sign leptons N — i
v Micci : < 50 I HWW160

Missing transverse energy in the event S | —r

Dominant backgrounds: 2 4 — —_data
> Diboson: WW 2 s N
> W+ jet(s) o — |
= ”
E —1—'..

| &\ 0 0.5 1 15 2 25 &
: dilepton azimuthal separation, A®,

Event Selection i

DF Run Il Preliminary o expected 184 pb ' 2004
* p;M>20 GeV (CDF); p;®>15 GeV (DO) 0
°p 2>10 GeV 2 - —+— expected 360 pb™ 2005
T s C observed 360 pb ' 2005
* Higgs mass dependent event cuts: = 0
« relations between p;®, p.@, &, g
=> suppress Z/y*, WW 2
» Look in A¢(l,,l,) distributions > L
for signal ;
. E : Standard Model
In the process of update with 1fb-! 10" &
of data and improved techniques 2 110 120 130 140 150 160 170 180 190 200
»

Higgs Mass (GeV/c®)
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= I vwzzz
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=
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E
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= Other SM Higgs Searches

e WH-WWW (CDF, DO)
— Detector signature - two like-sign leptons
— Sensitive to high- and medium-mass Higgs

— Somewhat overshadowed by the
gg—H—->WW results, but still useful

. ttH—WWhbbbb (CDF)

— Interesting for LHC
— one lepton, 25 jets, 23 b-tags, Missing E;
— Expect N,,=0.89+0.12, observe 1 event

HEEEEEELE LR EEEEE R EE TR
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Ratio of observed limits to the SM expectation

: Tevatron Run II Preliminary

e
[
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CDF: 320 pb
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June 16, 2006

‘IIO 120 130 ‘I4O [50 160 170 180 190
m,, (GeV)

Need to combine to maximize sensitivity:
e Combine channels
e Combine CDF and DO results

CDF/DO0 combination group has been formed, working!

June 16, 2006
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Summary of the SM Higgs Results

Line (PD™)
Channel CDF D@
WH->Ivbb 695 378
ZH->vvbb 289 261
gg2>H>WW 360 950
WH->WWW 194 363-384
ttH->ttbb 320 -

Included in the
respective combinations

ZH—IlIbb in progress

Aiming to update all
major channels with 1fb1
this summer!



—  Improvements, Reach for SM Searches

e In addition to combining, need to further improve each
channel

e Many target areas, substantial overall effect

L. Equivalent Factor (s/vb)? ol e e me e s e
Improvement WHohbb | ZH>wbb | zH—Ibb | & 6 F i
Mass resolution 1.7 1.7 1.7 CE 5 E
Continuous b-tag (NN) 1.5 1.5 1.5 “E 4
Forward b-tag 1.1 1.1 1.1 Eg 3 -
Forward leptons 1.3 1.0 1.6 2 ) :
Track-only leptons 1.4 1.0 1.6 1
NN Event Selection 1.75 1.75 1.0* :
WH signal in ZH 1.0 2.7 1.0 (1) , | CDF+DO
Product of above 8.9 13.3 7.2 3
CDF+D@ combination 2.0 2.0 2.0 -2 0 9 4 6 Q 10 12 14
All combined 17.8 26.6 14.4 Integrated Luminosity (fbl)

* already implemented

(based on the sensitivities from Autumn’05)

These 3 channels give CDF and DO sensitivity to m,,<135 (projected luminosities)

The reach in the higher-mass region by H=WW is very promising!
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= The MSSM Higgs Sector

MSSM = minimal Higgs content, 2ZHDM In the following ¢ is
H=; A (CP-odd); h, H (CP-even) used to denote any
of A,h,H

 Tree-level parameters: tanp = v, /vy, m,

e Yukawa couplings of A to b, t —tanf (but modified by radiative corrections)

e For large tanf one of the h/H is SM-like, the other almost mass-degenerate with A,
similar couplings

e The mass of the SM-like Higgs is <130 GeV (consistent with the EW fit!)

10 T T T T T T T T T T

E  Tevatron, Vs = 1.96 TeV h 3 b
— s : = H -
5[ nomixing, tanp = 40 N b A
Ll = =——= Ax T
e X 3 b
a I ~99P &
- B — -1
S 10 ’ 3
o = :
8 : e h
o S -—
8 10E :
24 B s - Y
o - ——]
S 10°F 7 E
S E 7 = g " 0000——— b
= - W/ZIY &
B 101:_— /l =
a £ .7 3 ( > (
= By ¥ = g 70000) b ] b
o[ qa® 7 1 A
10° 4 ... b =
o g A
101 o 1 1 L 1 | TN 1 1 1 1 L 1 1 L - = —
100 150 200 o550 U9 0000} q b

M, [GeV]

Dominant A decays: bb (—85-95%0) and tt (—5-15%0)
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June 16, 2006

MSSM Higgs Searches

» Charged Higgs

» Neutral Higgs with tanf-
enhanced couplings

Interpret the results in the m, m&x and
No-mixing scenarios
Carena, Heinemeyer, Wagner, and Weiglein, hep-ph/0202167

Searches for Higgs Bosons at the Tevatron - Anton Anastassov
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Search for Charged MSSM Higgs

CDF Collaboration, PRL 96, 011802 (2006)

H* from t—bH™* is the most accessible mechanism at the Tevatron
q

e H* modifies top BR’s (mostly at large
and small tanp)

Q1

« W* and H* decay modes differ: take
advantage of different topologies in tt

1
final states o M,.=100 GeV
o V. ———
. =R H" decays
e Constraint: can probe only m, < m-m, 506 l
£
e ——— o °f S04
& 10FExpected $ °F =
S 8F 5 4:’T:xpf-storl SM mo‘z
® °F [ T A 1
3 ‘F 3 ’f
Q‘ )" 9{ Y tan B
w o w ok
10 10
! " Expected number of
1 o

£ . e events in the SM and

o o} MSSM for four topological

5w ak Lepton + Jets .

g 4 Jormoretags final states

O 2F m,.=120 GeV/c °

@ 2f

. . L. =192 pb
LI(J 010l 1 10 10) ( |nt p )

tan(3)
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Search for Hi_

Final state bgevents SMexp data _

j , p Consistent
20 + jets 2.7£0.7 11 13 -t el
i+ jets (1b)  20.3+2.5 54 49 Wi =

£ +jets (22b) 0944017 10 8

The results can be interpreted
L+T,+jets 1.3£0.2 2 2 In different MSSM scenarios.
Here we show the
“tauonic model”: BR(H*—1v)=1

Tauonic Higgs Model
Excluded 95 %CL m,= 175 GeV/c? [Ldt=192pb™

BR(t—Hb)

June 16, 2006

16°:BR(H—H\')-1; BH-—»cf)=BR(H-—»I'E)=BR(H—>W‘I1°)=O
150 f—- EE;_E SM Expected i i _
.- = R e This search will improve
130 significantly with higher
& 1200 _, statistics =
= 110 [z ’ =
100 e Move from counting to =
= - - - . —_
sof Including kinematic =
a0k distributions =
=
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MSSM Higgs: b(b)¢p — b(b) bb

[ DO D0 Collaboration, PRL 95, 151801 (2005)
E U . Data « Select events with at least 3 b-tagged jets
= 40: — Totalbkgd. | e« Use double-tagged sample for bg shape
™ 40— ceeam,= 120 GeV : . ..
-~ i e Signal extraction from the di-jet mass
o | 9 J
§ ool distribution (2 highest-E; jets)
T _ e Signal acceptance: 0.3-1.0% (m,=90-150
- e n GeV)
a1 ¢ geliepan o o ST T
0 100 Dgo_ot 300 @ 4\(}? 500
i-jet mass (Ge _ _
’ L. = 260 pb-?
,-\1035 DO 100 - MSSM Higgs bosons DO
Q ¢ wof bbo(— bb), 0= h, H, A
- : | == Expected _ & /
[ S, —d
. 9 y ,,,,,’l"l':',',:,:,{éi;l ,,,,,,,, - Measured — 60 [ 0(5 prant - /
-.g 10 — c | T e
7 I 403 7]  Nomixing
0 - %] : e
et [ ] Max. mixing
o I w0f @
o ,
O 101 ’
- s | ’ . ; | . : . I : 5 ; | A 4 ] i i & ] 2 n " i "
80 100 120 140 160 80 100 120 140
m, (GeV) m, (GeV)

CDF result with 1fb-t and update from DO are in preparation
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Mode Fraction (20) Comment
T T 3 large Z/y*—ee bg
T, Ty 3 large Z/y*—puu bg
TeTy, 6 low jet bg
TeThad 23 golden
TyThad 23 golden
ThadThad 41 challenging (jet bg)

Challenge: idintification of t, 4

CDF: Two-cone algorithm, Praq (P E)
from tracks and n¥’s

DO: NN selection, Pn.q(P.E)
calorimeter measurement

from

Higgs signal extraction (CDF and DO):
from partial di-tau mass

Toy Ty Thag @re shorthand notations for t—evv, T—uvv, and t—hadrons v, respectively.

June 16, 2006
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MSSM Higgs—TT

Advantages of the Higgs—tt mode:

v" Probes all production modes
v Weaker dependence of sensitivity
on SUSY parameters/corrections

(see Carena et al., hep-ph/0511023)

Example of reconstructed .4 (CDF):
spectrum of taus from a W—tv sample

-~ Data
CIW — v
B QCD
LW > ev
EW — v
7 — ee
BZ - pp
Bz -1t

O[TTTTTT[TTT[TT T TTIT[TITIT[TTIr[ I ITI T TTIT[TITT[TT
LU Gl Tl TR Tk Rl L |

20 30 40 50

60 70
P, (GeV/ic)



MSSM ngg3—>1:1:

—
—
-
> =

m,=140 GeV

exampke fit for | | CDF Collaboration, PRL 96, 011802 (2006) |

T 1 rrr

3t 95% CL)

B tt, W, Z/y*—eeun
B jet—1 fake

0 50 1 00 150 200 250
(GeVic?)

vis

CDF Run 1l 310 pb”
MSSM Higgs > 1t Search

LEP 2 no mixing

80 100 120 140 160 180 200
m, (GeV/c?)
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----- Expected limit
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95% CL upper limit
110 130 150 170 190 210 230 250
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100 S
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MSSM Higgs—TT

D0 Collaboration, hep-ex/0605009 (2006)

> 103 e L L [ T e T E e T T P T T T T T T i [ T e e e ._Q- 102 = | T T T T I T T L 2 | Y i Y g I S’ y =
D - -1 e Data . - m
(&) DO 325 pl? - (150 GeV) == E DO 325 pb‘1 - Observed I_im_it a
o Te/ Thaa Selection L] — = expected limit
I 107 Bl Zz—<< = = s + 10 band |
bz ; -II QEpb : T I = 20 band 1
d=.> w-, et @ 10 2 NN, 20202020200 mm CDF obs. limit —
5 10F Il Di-boson E £ CDF exp. limit |
2= il
M+ [ i
4 1
g :
o = s
10 = ]
o 50 100 150 200 250 [ ) |
M, [GeV] 300
e 1008 e 100 g
o = = S ool =
8 0 T ] S :
80 [N - 80 3
70 = 70 -
60 = 60 | =
50 +7t {liDG u<0 3 50 =
o - DO u>0 = o s :
E_ — DO Tt u<0 —E E_ CDF o —E
301 DO 260-325 pb' DO vt u>0 30F DO 260-325 pb'’ TT n<0==
20 CDF 310 pb™’ CDF tr u<0 20 CDF 310 pb’ CDF vz p=Q="
100 . CDF tv u=0 - 100 LEP 2 (u<0) -
o : 1 1 I ILIEIP 2[ 1 1 l 1 1 1 l 1 1 1 I 1 1 1 | 0 E 1 1 1 I LIEIPI g (M)I 1 1 1 I 1 1 1 I 1 1 1 E
80 100 120 140 160 180 200 80 100 120 140 160 180 200
M, [GeV] M, [GeV]
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?Oﬁtlook for MSSM Higgs at the Tevatron

| Projections for neutral MSSM Higgs reach, 95% CL exclusion

Assumptions:

e similar CDF/DO sensitivity
e some acceptance increase for tt

 techniques are kept the same (conservative), hope to do better

(=2
o
L L

MSSM Higgs - bbA(—bb)
95% exclusion sensitivity

o
o
LI L

1fb"

[ B
120 130

KT 2
m, (GeV/c)

T B
100

I B R
140 150

tan B

100

90
80
70
60
50
40
30

20 f

10

0 —

no mixing

CDF:H-11 '

m, (GeV/c?)

CDF and DO can effectively probe low-mass MSSM Higgs

... and In the next couple of months we have to make
good on the 1fb1/exp promise

June 16, 2006
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Search for H**/~— e, ut

DY-like H**H-- pair production
Published CDF results in e/u channels
CDF Collaboration, PRL 93, 221802 (2004)

supersede the LEP limits

e H**/~~— et, ut event selection:

— Electron/muon p;>20 GeV

— Tau p=15 GeV

— Isolated lepton candidate (ILC) CDF Run Il Preliminary (£=350 pb-)
w/ track p;>10 GeV (L) m(Hg)>97 GeV/c2 (LEP 2)

e Two event categories: 38, 48 m(H;)>99 GeV/c? (LEP 2)

CDF 95% C.L. upper limit:

.......... BR(H™>117)=100%
BR(H™>e1)=100%

fb

)
g
Illlllllllllll

: 2

m(Hg)>86 GeV/c2

TT

e Dominant backgrounds:
— Z—ee/putjets, ZZ, Multi-jet

 Require large scalar sum of E; of
the decay products

e Veto on opposite sign same-flavor
leptons with mg,<30 GeV, or
71<mg,<111 GeV

Expect N,,=0.3 (0.4) for the et (ur),
observed O events

= =k
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o O
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— Summary

e All major Higgs search channels are being explored by CDF and DO

e New/updated results with 1 fb-1 of data will become available over the
summer

e Combine CDF and DO results!

® In the Ionger term N Total Luminosity (fb-1)
— Use improved analysis techniques . —
— Take advantage of the larger data samples We are iejg/"/
; here 7
Expect by 2009 to collect: ° B
» 4 fb-1/exp (pessimistic scenario) ‘
« 8 fb'1/exp (optimistic scenario) 2 S
Most of the data is ahead of us! 0

T T T T T T
10/1/03 9/30/04 9/30/05 9/30/06 9/30/07 9/29/08 9/29/09

Over the next couple of years the Tevatron has a potential to:
e Observe/rule out SM Higgs in some regions below 180 GeV
e Observe light MSSM Higgs, or constrain the SUSY parameter space
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